. NEDD4L knockout mice die perinatally due to impaired lung function (21, 22) .
In this study, we reported that NEDD4L (8) . Various point mutants were generated using the QuikChange Site-Directed Mutagenesis Kit (Stratagene). NS (nonspecific) and NEDD4L shRNAs were described previously (8, 18) . To generate NEDD4L shRNA1-resistant construct, the target sequence of NEDD4L shRNA1 was mutated to 5'-gctaggctatggatcgagt-3'
(sense); for generation of NEDD4L shRNA2 resistant construct, the target sequence of NEDD4L shRNA2 was mutated to 5'-tgaggaccacttatcatac-3' (sense).
Cell culture and transfection -HEK293T and
HeLa cells were maintained in DMEM medium supplemented with 10% FBS (Hyclone) in a 37°C
humidified incubator containing 5% CO2.
Transient transfection was performed with
VigoFect (Vigorous). 
Reagents and antibodies.

Real-time RT-PCR -Quantitative RT-PCR
analysis was carried out as described previously and 5'-tccaagagatccttgcgttc-3').
Reporter assay, immunoblotting,
immunofluorescence and immunoprecipitationThey were performed as described previously (8) . In vitro ubiquitination assay was performed as described previously with modifications that 500 ng recombinant human UbcH5b (E2; Enzo Life Science) and 2µg purified GST-NEDD4L were used in the reaction (8) .
Embryo microinjections -Xenopus laevis embryos
were obtained and maintained as described (23) .
Embryos were microinjected in 2% Ficoll solution with mRNA or morpholino oligonucleotides (MO) (Gene Tools) at required stages and cultured in 0.1×MMR. Capped synthetic RNAs were generated by in vitro transcription using the mMessage mMachine kit (Ambion).
Statistical analysis -Statistical analyses were
performed with a two-tailed unpaired t-test. p < 0.05 was considered statistically significant.
RESULTS
NEDD4L interacts and colocalizes with Dvl2-As
the C-terminal of Dvl2 harbors a PY motif (PPXY), which is highly conserved among three human Dvl proteins and Drosophila Dsh (Fig. 1A) ; we asked whether this PY motif (PPXY) could be recognized by WW domain-containing NEDD4L through a physical interaction.
Coimmunoprecipitation revealed the interaction between endogenous NEDD4L and endogenous Dvl2 in HEK293T cells (Fig. 1B) . Purified GST-
NEDD4L could interact with in vitro translated
Dvl2, indicating the interaction is direct (Fig.   1C ).The interaction was also confirmed when Dvl2 was overexpressed together with the NEDD4L C821A mutant (CA mutant) (Fig. 1E) , which lacked ubiquitin ligase activity (17) . Domain mapping revealed that the WW3 domain of NEDD4L alone had a strong interaction with Dvl2, and the WW2 domain had a weaker binding affinity, whereas both the WW1 and WW4 domains failed to bind to Dvl2 (Fig. 1D) .
Furthermore, the interaction between Dvl2 and NEDD4L was abrogated when the conserved residues (WW…P) in the WW3 domain were substituted with (AA…F) (Fig. 1E) (Fig. 1F) or the WW3 domain (Fig. 1G ). These data indicate that NEDD4L directly interacts with Dvl2 through the WW3 domain of NEDD4L and the PY motif of Dvl2.
We then analyzed the subcellular localization of NEDD4L and Dvl2. When expressed alone in HeLa cells, both wild-type and the AY mutant Dvl2 appeared as puncta in the cytoplasm, whereas wild-type and the NEDD4L CA mutant were diffused throughout the cytoplasm (Fig. 1H) .
Strikingly, when co-expressed with wild-type Dvl2, NEDD4L (CA) formed puncta and well colocalized with Dvl2 (Fig. 1I) We then examined whether NEDD4L
regulated Dvl stability via its ubiquitin ligase activity.
Overexpression of NEDD4L downregulated the protein levels of all three Dvl members albeit less efficiently on Dvl3 in HEK293T cells (Fig. 3A) . Consistently, the halflife of Dvl2 was greatly reduced by NEDD4L ( 
NEDD4L degrades Dvl 6
Dvl2 and CA NEDD4L unable to ubiquitinate Dvl2 both failed to degrade Dvl2 (Fig. 3I ).
Several point mutations of NEDD4L have been indicated to be associated with epilepsy (26) .
We then assessed if these mutations would affect its ability to regulate Dvl2 turnover and found that these mutations indeed attenuated the ability of NEDD4L to promote Dvl2 degradation (Fig. 3J ).
Interestingly, these mutations did not affect the interaction between NEDD4L with Dvl2 ( Fig. 3K) .
Collectively, our results indicate that NEDD4L promotes Dvl2 degradation through the proteasomal pathway and the interaction between these two proteins is needed for this process. (Fig. 4B ). However, NEDD4L had no effect on reporter expression induced by the GSK3β inhibitor LiCl and a constitutively active (S37A) β-catenin ( Fig. 4C and 4D) . Conversely, knockdown of NEDD4L enhanced Wnt3a-induced Topflash reporter expression, which was blocked by expression of shRNA-resistant NEDD4L ( Fig.   4E and 4F) .
Consistently, knockdown of NEDD4L increased the expression of Wnt/β-catenin signaling target genes AXIN2, DKK1 and C-MYC ( Fig. 4G-I However, co-injection of NEDD4L mRNA repressed axis duplication induced by wild-type Dvl2, but not by AY mutant Dvl2 (Fig. 7) . HEK293T cells were transfected with NS or NEDD4L shRNA together with AP-1 reporter and Rellina.
The cells were then serum-starved and treated with control medium or Wnt5a medium as in (A) and harvested for luciferase assay. The experiment was performed in triplicate, and data were represented as the mean ± S.D. after normalized to Renilla activity (**, p<0.01). by guest on 
